Cells infected with herpes simplex virus (HSV) express on their surface a receptor which is able to bind the Fc portion of immunoglobulin G (IgG) (2, 24, 25) . This receptor has been identified as a glycoprotein (gE) with a molecular weight of 65,000 to 80,000 (2) which is coded for in the unique portion of the S component of the HSV genome (20) . The receptor is also present on the surface of HSV virions (19, 23) .
Of the human immunoglobulin classes IgG, IgA, IgM, and IgD, only IgG binds to HSV type 1-(HSV-1) infected cells in a nonimmune manner (4, 7) . We have recently described that of the four human IgG subclasses IgG3 does not bind to HSV-1-infected cells, whereas the binding of the remaining subclasses differs according to the sequence IgG4 > IgG1-IgG2 (7) .
Most strains of Staphylococcus aureus carry a surface component, protein A, which also has the capacity to combine with the Fc portion of human IgG (5, 8, 10, 11) . Like the Fc receptor of HSV-1, protein A reacts with the three human IgG subclasses IgGl, IgG2, and IgG4, while IgG3 is nonreactive (10) . This similarity in binding spectrum between the HSV Fc receptor and protein A towards the human IgG molecule raises the question whether they exhibit a similar specificity towards other IgG molecules.
Immunoglobulins from many mammalian species are known to bind to protein A in a nonimmune way (9, 12, 15, 16) . Similar information regarding the species specificity of the HSV-1 Fc receptor exists only to a limited extent (25, 26) . We therefore undertook binding studies with IgG preparations from different animal species and compared the binding spectrum of the HSV-1 Fc receptor with that of S. aureus Cowan I, known to carry protein A.
MATERIALS AND METHODS
Cells. African green monkey kidney cells of strain AH1 (GMK AH1) (6) (18) . IgG from swine was isolated by preparative block electrophoresis followed by gel filtration on a Sephadex G-150 (Pharmacia, Uppsala, Sweden) column. IgGl and IgG2 subclasses from goat and sheep were prepared by ion exchange chromatography of serum samples from unimmunized animals (16) . Horse IgG(ab), IgG(c), and IgG(T) subclasses were isolated from horse serum with ion exchange chromatography, preparative block electrophoresis, and gel filtration (16) . The bovine IgGl and IgG2 subclasses were purchased from Miles Laboratories, Inc., Elkhart, Ind. The purification and characterization of the human myeloma protein IgG4 5764 has been described previously (7) .
Protein iodination. The lactoperoxidase (13, 21) and the chloramine T (22) methods were employed for 125I labeling. The exact procedures have been published elsewhere (7) . All immunoglobulins and Fc fragments except sheep IgGl, mouse IgGl, mouse IgG2a, mouse IgG2b, and mouse IgG3 were iodinated by the lactoperoxidase method. Specific activities of 10 to 20 ,uCi/,ug of protein were obtained.
Protein binding and inhibition assay. Binding to GMK AH1 cells in roller tubes containing 1 ml of serum-free RPMI 1640 was performed as previously described (7). Briefly, triplicate tubes with uninfected cells and cells infected with HSV-1 at a multiplicity of 50 PFU per cell were incubated with rotation in a roller drum at 37°C for 20 h. The medium was removed, and 100 ,ul of phosphate-buffered saline (PBS)-0.2% ovalbumin-10 mM sodium azide with or without 13 ,ug of competing unlabeled human IgG Fc fragment or 40 t.g of competing unlabeled animal immunoglobulin was added. After 1 h at 37°C with rotation, 100 ,ul of PBS-0.2% ovalbumin-10 mM sodium azide containing 5 ng of radiolabeled immunoglobulin or IgG Fc fragment (around 200,000 cpm) was added to each tube. After another hour of rotation at 37°C, the cells were washed three times with 4 ml of PBS, followed by centrifugation at 200 x g for 10 min. The cell-bound radioactivity (up to around 10,000 cpm) was measured in a gamma counter. The HSV-specific binding was calculated by subtraction of radioactivity bound to uninfected cells from that bound to HSV-infected cells. The Fc specificity of the binding was always demonstrated by inhibition with unlabeled human IgG Fc fragment in separate triplicate tubes. Fc-specific binding was calculated by subtraction of the radioactivity bound to infected cells inhibited in this way from the radioactivity bound without presence of unlabeled Fc fragment. As a control of the cell number, two additional tubes were in some experiments processed identically and after trypsination enumerated with a hemacytometer. For unlabeled human IgG Fc fragment versus iodinated immunoglobulin and versus iodinated human IgG Fc fragment, the molar excesses were 7,800-and 2,600-fold, respectively. A 2,700-fold molar excess of unlabeled immunoglobulin versus iodinated human IgG Fc fragment was employed.
To compensate for the variations between different experiments, the HSV-specific binding of individual animal immunoglobulins was calculated relative to that of radiolabeled human IgG Fc fragment. In the same way the decrease of binding of animal immunoglobulins to infected cells caused by addition of unlabeled human IgG Fc fragment was calculated relative to the same inhibition of binding of radiolabeled human Fc fragment.
Bacterial Fc receptor binding. S. aureus Cowan I, known to carry protein A, the human group G streptococcus strain G 148 which carries a type III IgG Fc receptor (15) , and the human streptococcus group B strain Bi, which has no Fc receptor activity (negative control strain) were utilized in the bacterial binding studies. Bacteria were grown, suspended, and tested for immunoglobulin binding as previously described (7, 15) . Briefly, 5 ng of radiolabeled immunoglobulin in 200 [LI of PBS containing 0.02% sodium azide and 0.05% Tween 20 was added to duplicate tubes containing 2 x 108 bacteria per tube. After 1 h at room temperature, 2 ml of PBS-0.02% sodium azide-0.05% Tween 20 was added to each tube. The bacteria were spun down, the supernatant was removed, and binding was expressed as the radioactivity of the bacterial pellet as a percentage of that of the added labeled immunoglobulin. RESULTS Binding of iodinated human and animal immunoglobulins. The binding assays with iodinated human and animal immunoglobulins were performed as shown in Fig. 1 (Fig. 1) . Figure 2 shows the HSV-specific binding of labeled immunoglobulins relative to that of labeled human IgG Fc (set as 100% Fig. 2 .
Binding of iodinated human and animal immunoglobulins to bacteria. The results of the binding of iodinated human and animal immunoglobulins to the three different bacterial strains (Fig. 2) agreed with previously published results (15, 16, 18 Methodological considerations. This binding study involved only one concentration of ligand. Therefore, the conclusions drawn must be limited to relatively rough comparisons of extent of binding. Further, the conditions employed in the bacterial system (fewer washes and presumably higher receptor concentration) may have favored low affinity binding to a greater extent than those employed in the HSV-infected cell system. The narrower species range of the HSV-1 receptor could partly have resulted from this methodological difference. However, in several animal orders we did not observe the simple pattern of low HSV-1 binding and high protein A binding which would have been a consequence. In addition, the immunoglobulin concentration employed in the inhibition tests was 4round a thousandfold higher than in the direct binding test. Still, the species specificity of the inhibition test agreed well with that of the direct binding test.
The functional integrity of the radioiodinated proteins was ascertained with (i) a bacterial strain (group G streptococcus G 148) known to bind to most IgGs and (ii) competition experiments with a large excess of uniodinated ligand.
HSV-induced immunoglobulin binding could be measured by subtracting from the binding of HSV-infected cells either that of uninfected cells or that of infected cells in the presence of an excess of human Fc fragment (Fig. 1) . The similarity of the results of the two methods proves that anti-HSV antibodies did not contribute significantly to the binding.
Although it may seem unlikely, we cannot exclude that cell-dependent modifications like glycosylation (cf. reference 14) could have influenced the species specificity of the Fc receptor. Our studies were only performed with monkey cells.
Implications for the coevolution of virus and host. The existence of species-specific members of the family Herpesviridae in most mammalian species is well documented (e.g., reference 17 
